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Abstract-The rapid development in urban areas, especially in 
the central business district can result a number of 
consequences related to urban heat island (UHI), as it 
increases both the surface albedo and anthropogenic heat 
which lead to rise the temperature in the certain areas. This 
research aims to investigate existing actions and determine 
possible strategies for mitigating UHI, a case study of 
Surabaya, Indonesia. Qualitative method using triangulation 
analysis was used, as well as document review and 
stakeholder interview to recommend strategies for mitigating 
the UHI effect. The city development document is being used 
as document review. Furthermore, Department of Public 
Works, Planning and Development Agency and experts in 
urban environment and urban development were the 
stakeholders. The results of this research can be used as a 
baseline study for more understanding and addressing the 
UHI effects in Surabaya and other cities. The result shows 
that despite lack of understanding to the concept of UHI, 
municipality of Surabaya has been implemented several 
strategies for mitigating UHI effects, such as increasing 
provision of green space, reducing electricity consumption 
and replacing asphalt with cool pavement. Comprehensive 
approaches to the integration of stakeholders are needed to 
contrive and implement the strategies, as well as developing 
more plans and programs for mitigating the UHI effects. The 
strategies should be incorporated with the urban 
environmental issues, since it`s all substantial aspect of 
sustainable city development and related to UHI. 
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I. INTRODUCTION 
The rapid development in urban areas, especially in the 
central business district can result a number of 
consequences related to urban heat island (UHI), as it 
increases both the surface albedo and anthropogenic heat 
which lead to rise the temperature in the certain areas. 
Urban Heat Island (UHI) is an urban area which has 
temperature differences (2-60C) compared to the peri-
urban, that influenced by urban structure and urban 
parameters (e.g: materials of the construction, provision of 
green area) and it has a crucial impact to the climate 
change (Lee, et al, 2014). UHI is occurs due to heat in the 
urban environment that influence by the urban activities, 
energy consumption, and urban structure. In addition, the 
heat loses was decreased. (Santamouris, 2013).  
Surabaya is the capital city in East Java province, the 
second biggest city in Indonesia. It is bounded by 7o 9` - 7o 
21` South latitudes and 112o 36` - 112o 57` East longitudes. 
Development of Surabaya has shown high dynamical and 
has triggered to be a metropolitan city in Indonesia. 
Surabaya acts as a strategic and functional city in regional 
and national scale, being a center of commercial and 
service in East Java province and center of development 
area in east part of Indonesia (Surabaya PDA, 2005).    
Maximum and minimum temperature measurement in 
Surabaya is divided into three stations, Perak 2 as the urban 
area while Perak 1 and Juanda station as the rural area, due 
to high development in Perak 2 rather than the two other 
stations. Furthermore, the maximum temperature in Perak 2 
station reached 0.11oC difference compares to Perak 1 
station, and reached 1.35oC difference compares to Juanda 
station. Meanwhile, for minimum temperature the 
difference between Perak 2 and Perak 1 reached 0.51oC, 
while the difference between Perak 2 and Juanda station 
reached 0.80oC (Kurniati, 2014). According to the result, it 
can be concluded that UHI effect has occurred in Surabaya 
with 1oC temperature difference between urban and rural 
area. Meanwhile, the maximum temperature in Surabaya 
for the last 20 years have been increasing by 0.5-1oC, while 
minimum temperature have been increasing by 0.6-1.06oC 
as well. Hence, during 20 years people have been feeling 
the increasing temperature by 1oC. One degree difference 
may sound like a small amount, but it's an unusual event in 
our planet's recent history. Earth's climate record-preserved 
in tree rings, ice cores, and coral reefs (National 
Aeronautics and Space Administration, 2012), showed that 
the global average temperature was stable over long 
periods of time.  Based on IPCC (2007) it stated that with 
the increasing 1oC temperature can affect to decreasing 
freshwater availability by 2050s, risking coastal due to high 
number of flooding, and increasing death rate from disease 
associated with floods and droughts. 
Municipality of Surabaya require to mitigate UHI, 
considering that this phenomenon effected to urban 
dwellers in many ways, including health and comfort, 
increasing energy consumption, and reducing air quality 
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and visibility level as well as overall quality of life 
(Prilandita, 2009). Most of adaptation and mitigation 
measures to reduce the effect were only considering on the 
making of new technique to reduce UHI, instead of 
enhancing the local government`s responses and policies in 
terms of urban heat island in their environment. Even more, 
it is concerned that some municipality are lack of 
understanding to reduce UHI effect. Moreover, local 
institutions policies and response related UHI effect need to 
be reviewed. 
II. METHODOLOGY 
This research uses qualitative method, there are 
triangulation analysis, as well as document review and 
stakeholders interview to recommend strategies for 
mitigating the UHI effects. To obtain the goal, this research 
is divided into two steps, as follows: 
Step 1 
The aim of this step is to select several strategies related to 
UHI using document review and stakeholders review, 
according to the significant factors which has determined 
before. The existing strategies can be both national or city 
scale, such as city regulation or the national act.  
Step 2 
To recommend strategies for mitigating UHI effects, this 
step uses triangulation analysis. In addition, triangulation 
analysis is comparing method among three aspects which 
are current strategies, literature review to enhance or 
strengthen existing strategies and respondent`s opinion or 
response for mitigating UHI effects. The existing condition 
of UHI in Surabaya is needed as consideration.  
This research is used primary and secondary data 
collection methods. Primary data is gathered from semi 
structured interview, in Appendix 1. Determining the 
respondents for this data collection is based on significant 
factors. The respondent is municipality, expert and 
academicians that related with planning agencies in 
Surabaya. In addition, focus actors are chosen by using a 
purposive sampling or non-probability sample. Purposive 
sampling represents a group of different non-probability 
sampling techniques. As well-known as judgmental, 
selective or subjective sampling, purposive sampling relies 
on the opinion of the researcher when it comes to select the 
units (e.g., people, causes/organizations, events, pieces of 
data) that are considered. Normally, the sample that is 
being investigated is quite small, particularly compared 
with probability sampling techniques.  
The main goal of purposive sampling is to focus on 
particular characteristics of a population, which in this 
research is actors that involved in UHI effect, such as 
Planning and Development Agency, Department of Public 
Works, Environmental Protection Agency and experts in 
urban environment and urban development as well. 
Moreover, semi structured interview will be held to ask 
about the existing strategies for mitigating UHI considering 
lack of document availability of UHI in Surabaya.    
The secondary data that needed in this research includes 
governance document, previous studies and literatures 
related to UHI as well. Data gathering is conducted in 
Department of Public Works, Planning and Development 
Agency and Environmental Protection Agency. 
Meanwhile, the data or information that needed is city 
development documents (RTRW and RDTRK) and 
strategic documents to mitigate UHI.  
   
III. RESULTS AND DISCUSSIONS 
1. Identification of Existing Strategies for Mitigating UHI 
in Surabaya Based on Significant Factors Influencing 
UHI   
 The most significant factors are change in land covers 
and electricity energy consumption. The change in land 
covers is embracing to area of green space and area of 
pavement (asphalt). Meanwhile, the electricity energy 
consumption is embracing to consumption of air 
conditioning. The existing mitigation and adaptation 
strategies that related to those three factors are as follows. 
A. Change in surface cover (open space to built-up 
area) 
 Pavement 
  More than a quarter of the urban areas are generally 
covered by pavement. Development of the city is needed 
for expansion of the road. Mainly, type of pavement for 
main road is asphalt (dark pavement). In gain, like 
conventional dark roofs, dark pavements get hot in the sun 
because absorbing 80-95% of sunlight (Douglas et al, 
2004). Hot pavements aggravate urban heat island by 
warming the local air and contributing to planetary 
warming by radiating heat into the air.  
  Asphalt is used primarily as pavement of the road in 
Surabaya. Therefore, this condition increases the urban 
heat island effects in Surabaya (Kurniati, 2014). 
Nevertheless there is no significant policy or strategy to 
determine the kind of pavement for the road. In addition, 
the use of pavement in Surabaya still uses asphalt as the 
main pavement for the road.  
 Green space 
  Provision of more vegetation (green space) in the city 
is one of mitigation and adaptation measures that can be 
practiced to cope with UHI effects. Research stated that 
the temperature in the green area was cooler than in built-
up area (Fariz, 2012, Gago et al, 2013). In addition, this 
condition occurs due to absorption of excessive heat from 
building by trees, hard surface (asphalt) and other sources. 
Based on Regulation by Interior Ministry No 1/2007 the 
green area can be provided through park (city park, 
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recreational park, community park), city forest, 
conservation forest, city zoo, field and stadium, grave 
yard, paddy field, buffer zone, green roof, green building, 
open parking, riparian, and green line.  
  In Indonesia, the green and open space in cities is 
regulated by The National Act No 26/2007 on Spatial 
Planning. The policy stated that every city/regency should 
provide 30% of the city`s area for green and open space. 
From the total 20% should be provided for public green 
and open space, while 10% should be provided for 
private. Parallel with this policy, the Surabaya 
municipality has been trying to increase the amount of 
green space in Surabaya, by revitalizing and optimizing 
open space to green space, and also verifying some area to 
green space. In addition, many of gas stations in Surabaya 
are lack of permit to build and occupied the open and 
green space function. Therefore, Surabaya municipality 
tries to rehabilitate the function. Regardless, that strategy 
seems still need a lot of effort to fulfill 20% of public 
space requirement.  
  Another action is city regulation to protect the tree. 
This is the first regulation in Indonesia that Surabaya has 
implemented. This regulation stated that tree replacement 
will be implemented for tree deforestation and tree 
destruction with at least 10 trees with the same 
characteristics and planted near the area of tree 
destruction. Furthermore, billboard which assembly in the 
tree is prohibited.  
  Other strategic to green the city is the One Million 
Trees Program. This program was established by the 
National Government as mitigation measures to reduce 
global warming and its effects. This program requires 
every city/regency to provide or plant at least one million 
trees each year. They were given freedom on how to 
conduct the program. In Surabaya, one of the taken 
measurements is involving the private and public sector to 
optimize greenery program. They have to plant or provide 
trees as an action in one million trees program. Every 
school, public service, office and industry has taken a part 
in this program.  
 
B. Electricity energy consumption (individual heat 
emitting) 
  Surabaya has been implementing indirect strategy to 
reduce the air conditioning consumption. Green building 
awards is being used for controlling the land use zoning, 
reducing energy use, recycling waste and be in accordance 
with surrounding environment. In addition, in green 
building award, citizen is given the opportunity to do self-
assessment. There are several points in green building that 
should be considered, such as land ecological 
enhancement, movement and connectivity, material cycle 
management, community wellbeing strategies, building and 
infrastructure. Moreover, the self-appraisal is included 
appropriates site development, energy efficiency and 
conservation, water preservation, material resources and 
cycle, indoor health and solace, and building environmental 
management.  Furthermore, there are several differences of 
building that can be assessed, such as new building, 
existing building and interior space. 
2. Recommendation of Enhancing Existing Strategies for 
Mitigating UHI in Surabaya 
 Enhancing the current strategies is developed to enhance 
and create new strategies for addressing the UHI using 
triangulation analysis. There are three variables, namely 
provision of green space, use of asphalt and electricity 
energy consumption. This method is considering three 
sources, which are opinion of stakeholders, current strategy 
and also literature review. Furthermore, thus three sources 
will be elaborated for getting appropriate strategy to 
address UHI in Surabaya. In addition, the elaboration 
process of triangulation analysis can be shown in Appendix 
5. The recommendation on enhancing current strategies for 
addressing or reducing UHI in Surabaya can be 
implemented, as follows. 
A. Provision of green space 
  Provision of green space should consider the suitable 
tree, tree location, and tree density. Suitable tree is needed 
due to function and morphology of the tree that suitable to 
decrease temperature. In addition, tree location is needed to 
choose the best tree that suitable with the location. For 
example, industry and high density housing area need a lot 
of tree with high density compare with low density 
community. Furthermore, tree density is associated with 
tree canopy which tend to cast more shade and deliver 
greater rainwater management and biodiversity benefits 
than smaller ornamental species. Meanwhile, to enhance 
the implementation of protecting the tree regulation and 
one million trees program is strictness and involves of all 
city`s stakeholders with complete understanding the 
importance of green space to the city. Moreover, good 
publication with provide good city website and other media 
that accessible is needed.     
B. Electricity energy consumption 
  Considering that green building is a new program and 
up to now there is no city regulation that control the use of 
green building, municipality should enhance it with 
considering Surabaya own characteristic, such as the 
people, building materials, and environment. In addition, 
green building has to elaborate all aspect, start from roof, 
building, design, use of energy, materials, the surrounding 
environment, and also waste and garbage disposal. 
Integration with other city`s strategies is needed due to 
overlapping and discrepancy with other city regulations. 
Moreover strict and honest assessment to evaluate and 
implement the building is needed. 
  Public knowledge related to green building should be 
increased. Furthermore, to clarify the regulation further, the 
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plan should be more practical, like discussion related to 
green roof, which are a significant element in an overall 
scheme to offset the negative impacts of UHIs and enhance 
the value of green building practices for occupants and 
surrounding citizens. It possesses the ability to improve air 
quality, reduce combined sewer overflows, provide 
functional spaces for building residents, support 
biodiversity, reduce noise, and extend waterproofing 
longevity. When green roofs are combined with other 
measures, such as urban forests and reflective roofs and 
paving, in green building, environment will get benefits 
associated with investing in UHI reduction. Moreover, in 
green roof the kind of albedo should be maintained, it 
should be less than 1. Albedo is a unit less measure with 
possible values ranging from 0 to 1. Objects that reflect lots 
of light have a high albedo approaching 1, while a stark 
black body has an albedo of 0. 
C. Use of asphalt 
  Reduce the UHI intensity in Surabaya related to 
pavement can be implemented by enhancing the strategies, 
such as using cool and reflective pavement and elaborating 
with others strategies, such as provision of vegetation along 
the road and use green building. 
   The construction of asphalt is needed in order to be 
considerate, due to quality and it also can reduce heat. The 
night construction is cooler than in the day time. Day time 
construction can increase the air temperature. Furthermore, 
using light albedo for asphalt can decrease the solar 
absorption. Moreover, using cool pavement can also 
decrease the city`s air temperature. 
3. Discussions 
 Recommendation to enhance the current strategies can be 
done in both adaptation and mitigation measurement. In 
enhancing Surabaya`s current strategies, literature review, 
existing condition and stakeholders opinion are being used. 
In addition, Surabaya indirectly has been implementing 
strategies to reduce UHI, although up to now there is no 
direct measure to reduce it. Furthermore, in environmental 
management measures the usage of comprehensive strategy 
(policy, planning and program) is being needed to make 
appropriate solution. The usage of regulator or in this case  
called strategy, can be used as “stick” to guide the 
implementation of urban development system 
(Nitivattannanon, 2013). The integrated aspect mainly in 
urban planning, design and policy can be applied by 
municipality and citizen to reduce UHI. For the example, 
to construct green building, people should consider not 
only the building it-self (material, design, facilities) but 
also the environment (suitable site plan-zooning, renewable 
energy, waste disposal, and etcetera).  
 Other city strategies can also become additional 
references to reduce UHI in Surabaya as long as it has 
characteristic similarity. For the example, Jakarta which 
has similarity with Surabaya, is as a metropolitan city and 
has high density population. Therefore, the Jakarta`s 
strategies or policy can be implemented in Surabaya (city 
policy DKI Jakarta No 38/2012 related to Green Building).  
 The lesson learned to enhance the current strategies is  
clarifying and focusing to the objective. For example, first 
is provision of green space for reducing UHI not only 
embracing to esthetic, function or the number of park, but 
also considering the tree selection, density and place. 
Second are selection of pavement and the way to construct 
which is important to reduce urban heat. Choosing the cool 
pavement with high albedo and constructing in the night 
time is much better to reduce heat. In the end, increasing 
people knowledge and awareness is important to reduce 
UHI. 
 UHI is not a new issue of the city, actually in Indonesia 
particularly in Jakarta. The Urban Heat Island phenomenon 
and its effect are well known. Although, when it comes to 
the local level (in this research Surabaya is the study case) 
many people do not understand about it. Unfortunately 
municipality recognizes UHI as a high temperature in the 
city, whereas it has different and complex meaning than 
high rise temperature (Prilandita, 2009).  Furthermore, up 
to now there is no direct measurement to measure UHI in 
Surabaya. Moreover, this research is using CDD and 
maximum-minimum temperature to measure UHI 
condition. In addition, this condition influences the way to 
implement and establish the urban planning. The 
municipality will always do the development in the urban 
center and concentrate in the CBD, for the results, people 
will have high preference to live in the urban center and 
lack of provision of green and open space (Fukuda, 2013). 
Therefore, with understanding the whole concept and the 
condition of UHI, the municipality of Surabaya will make a 
good strategy to adapt and mitigate UHI.  
 Enhancing the current strategies to address UHI in 
Surabaya can be implemented for other cities which have 
the similarity of characteristic, particularly on provision of 
green space, electricity energy consumption (use of air 
conditioning) and use of asphalt as a road pavement.  
Furthermore, focusing in enhancing the current city 
strategies can effectively reduce UHI due to basic 
approach. Hence, assessing the current strategies conditions 
are needed to identify successfulness of the strategies to 
reduce UHI. In the next step forward, this research can be 
refined with using strategy assessment before enhancing 
the quality of strategy. 
IV. CONCLUSIONS 
Comprehensive strategy is needed to enhance the current 
strategies, to avoid overlapping and to integrate related 
departments as well as related sector. Furthermore, to 
reduce UHI the municipality can study and try to 
implement other city’s strategies which have similarity of 
city characteristics. The results of this research can be a 
reference for other city to reduce UHI based on own city 
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characteristics. Moreover, this research can be a good 
source for further research to identify the current condition 
of UHI and determine the significant factors or enhance the 
current strategies to address UHI. This research figures out 
that determining the most significant factors that influence 
UHI in the particular city and enhancing the current 
strategies, are one of the possible way to address UHI 
problems. Moreover, it can be a baseline data to develop 
itself with new objectives or even deeply focus in a higher 
level education such as a PhD dissertation. 
 Moreover, this research is giving recommendations to 
enhance the current strategies by enhancing the 
comprehensive strategies, increasing people awareness and 
knowledge, stimulating people involvement and more 
clarifying to objective of the strategies. This 
recommendation can be applied not only for reducing UHI 
in Surabaya municipality but also other cities which has the 
similarity characteristics. Elaboration for all stakeholders 
(municipality, citizen, NGO, private company) and 
comprehensive planning are needed to enhance the 
strategies. Furthermore, city needs their own city regulation 
to regulate or manage city development by considering and 
using local wisdom.   
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